Abstract
Introduction

57
In recent years, the gut-brain axis has attracted great interest, and previous studies have have a certain impact on gut microbiota, e.g., genetics, geographic origin, age, medication and 65 diet (3, 4), among which diet is the dominant modulator of the composition and function of gut 66 microbiota (5). The majority of dietary proteins are digested into peptides and free amino acids 67 in the small intestine, but some proteins cannot be digested and absorbed in the small intestine, 68 so these enter the large intestine for microbial fermentation (6, 7). High-protein diets have been 69 shown to alter the gut microbial composition (8, 9) . The temporal microbial changes were also 70 observed in feces after 6 weeks of a high-protein diet intake (10). Moreover, some studies 71 indicated that dietary protein sources affect the gut microbial composition (11, 12) .
72
Meat is known to be an important source of high-quality protein that contains all essential 73 amino acids. In processed meat, the processing methods may lead to different degrees of protein 74 oxidation and denaturation and hence cause protein aggregation and changes in secondary 75 structures (13, 14) . Moderate denaturation will increase the degradation of meat proteins, but 76 various amino acid modifications might lead to the formation of "limit peptides," which are not 77 further broken down and thus result in a reduction of protein bioavailability (15, 16) . Our in vitro 78 studies showed that protein digestibility and digested products differed among cooked pork, Wiener curves tend to approach the saturation plateau and the Good's coverage indices were 91 greater than 99%, indicating sufficient data sampling and adequate sequencing depth.
92
Community richness estimators (Chao and ACE), and diversity indices (Shannon and
93
Simpson) were calculated in order to evaluate the alpha diversity ( the Shannon value of the SPD group was higher than other groups at 8 months. In addition, the 99 Shannon values decreased with feeding time, indicating that the microbial diversity may be 100 reduced during long-term feeding of the same diet.
101
Principal coordinate analysis (PCoA) on the OTU level confirmed that the fecal microbiota in 102 the CD, SPD and emulsion-type sausage protein diet (ESPD) was distinct from that in other meat 103 protein diet groups at 4 months. Diet groups were also well separated at 8 months, except the 104 cooked pork protein diet (CPPD) and SPPD groups. In addition, the fecal microbiota was well 105 6 separated between the two time points (Fig. 1A to C) .
106
Composition of gut microbiota. On the phylum level, Bacteroidetes and Firmicutes were 107 the predominant phyla ( Fig. 2A and B) . Hierarchical clustering analysis indicated that the SPD 108 group was different from other groups at 4 months, but the dry-cured pork protein diet (DPPD)
109
and CPPD groups revealed a significant difference from other groups at 8 months in microbial 110 composition. Furthermore, Bacteroidetes abundance increased but Verrucomicrobia abundance 111 markedly decreased during feeding (Fig. 2C ).
112
On the genus level, Bacteroidales S24-7 was the most abundant genus at 4 months, 113 accounting for 31.43% of the fecal microbial population, followed by Rikenellaceae RC9 gut 114 (9.75%). At 8 months, Bacteroidales S24-7 and Faecalibaculum were the most prevalent genera, 115 accounting for 44.88% and 9.81% of the total count in all diet groups, respectively ( Fig. 2D and 116 E). Moreover, seven species showed time-dependent changes. The abundance of Bacteroidales 117 S24-7 increased from 4 to 8 months, whereas those of Rikenellaceae RC9 gut, Akkermansia, 118 Alistipes, Clostridiales vadinBB60, Clostridium sensustricto 1 and Anaerotruncus were 119 dramatically reduced (Fig. 2F) .
120
Further analysis revealed that eight of the top twenty dominant genera had significantly 121 changed after 4 and 8 months ( Fig. 3A and B and Ruminococcaceae were more abundant in the SPD group.
155
The time effect on the composition of microbiota is shown in Fig. 4C . A total of 25 OTUs in the endocrine system and neurodegenerative diseases compared with the soy protein diet.
169
At 8 months, 15 gene functions were found to be differentially regulated (Fig. 5B ).
170
Compared with the CD group, the SPPD, CPPD and DPPD groups showed a significant 171 reduction in the expression of genes involved in signal transduction, xenobiotics biodegradation 172 and metabolism, while genes involved in carbohydrate metabolism, replication and repair, 173 translation, nucleotide metabolism, enzyme families, the nervous system and the immune system 174 were upregulated. The cellular processes and signaling were significantly downregulated in the 175 SPPD and CPPD groups. In addition, the signaling molecules and interaction were significantly 176 upregulated in the SPPD, CPPD and DPPD groups compared to the SPD group.
177
In addition, 16 microbial functions were significantly changed during feeding (Fig. 5C ).
178
Functions of transcription, cellular processes and signaling, signal transduction, xenobiotics 179 biodegradation, genetic information processing and metabolism were remarkably downregulated.
180
Functions of the immune system, the digestive system, metabolic diseases, cell growth and death, 
191
At 4 months, the concentration of serotonin in the meat protein diet groups was dramatically 192 higher than that in the SPD group, but lower than that in the CD group. Among the meat protein 193 diet groups, the concentration of serotonin was remarkably higher in the CPPD and SPPD groups 194 than in the DPPD group. Nevertheless, the DPPD group had the highest concentration of PYY.
195
On the other hand, the leptin and insulin levels were lower in SPPD group than in the DPPD and
196
SPD groups but did not differ from those in the CD group.
197
At 8 months, the meat protein diet groups had higher serotonin levels compared with the CD 198 group, and serotonin levels in the CPPD group were lower than in the SPD, ESPD and DPPD 199 groups. As regards PYY, its concentration in the meat protein diet groups was lower than that in 200 the CD group, but higher than that in the SPD group. For meat protein diet groups, the 201 concentration of PYY in the ESPD group was significantly lower than that in the CPPD group.
202
The leptin and insulin levels were lower in the DPPD group than in the SPPD and SPD groups 203 but higher than in the CD group. This indicates that diet-induced changes of gut microbiota could 204 have associations with alterations in signaling molecule levels of the gut-brain axis.
205
Key species associated with signaling molecules of the gut-brain axis 206 To evaluate potential associations between gut microbiota and the signaling molecules of the 207 gut-brain axis, Spearson correlation analysis was performed with dominant OTUs whose relative 208 abundance was at least 0.5% in at least one group. We observed that 28 and 48 OTUs were 209 apparently correlated with signaling molecules including serotonin, PYY, leptin and insulin at 4 210 11 and 8 months, respectively ( Fig. 7A and B) .
211
At 4 months, four and two OTUs that represented the families Lachnospiraceae and 212 Bacteroidales S24-7, respectively, were positively correlated with the concentration of serotonin.
213
However, each of the two OTUs that respectively represented the genus Lachnospiraceae 214 NK4A136 and the family Bacteroidales S24-7 were all negatively correlated with serotonin levels. 
Growth performance
239
At the baseline (before diet intervention), no significant difference was observed in body 240 weight between any two diet groups. However, the protein diets had a significant impact on the 241 body weight of the mice (Fig. 9A) . The body weight of mice in the CPPD, SPPD and ESPD 242 groups increased with feeding time, while the CD induced a great decline in body weight at the 243 24th week of the experiment. A similar phenomenon was observed in the SPD and DPPD groups 244 at the 30th week of the experiment. At the end of the diet, the body weight of the SPPD group 245 was significantly lower than that of the SPD group, but higher than that of the CD group, which 246 was in line with the average daily gain (ADG). Correspondingly, the average daily feed intake 247 and the feed efficiency were the lowest for the CD group. The average daily feed intake (ADFI) 248 of the SPD group was higher than that of the SPPD group, but no significant difference was 249 observed for feed efficiency (Fig. 9B to D) .
250
The development of epididymal adipose tissue and of the liver can reflect, to a certain extent, 251 the body composition of mice as a response to their diet. The protein diets had a distinct impact 252 13 on the weight of the epididymal adipose tissue and liver (Fig. 9E to H) . The non-meat protein 253 diet groups (CD and SPD) had less epididymal adipose than the meat protein diet groups (ESPD, 254 DPPD, SPPD and CPPD). Nevertheless, the liver weights of the meat protein diet groups were 255 lower than those in the SPD group but higher than those in the CD group. This may be related to 256 feed intake and weight gain. Obviously, the different protein diets led to different microbial compositions, which may be 267 due to the different digestibility and digested products of processed meat proteins (17) from 268 those of non-meat proteins. It is noteworthy that the responses of gut microbiota to the diet differ 269 between bacterial species; some species responded faster or slower than others to the protein diet.
270
The microbial structure can be easily affected by the host's physiological status and by and Lachnospiraceae and the increase in Bacteroidales S24-7.
289
Dietary modulation can alter the microbial community and metabolic activity (27, 28).
290
Previous studies showed that many members of the Rikenellaceae, Lachnospiraceae and protein diet groups were lower than in the SPD group but higher than in the CD group; the 316 relative differences are similar to the change in intake and weight gain of the mice. Furthermore, 317 the growth rate of mice fed different protein diets tended to be slow, and even decreased over the 318 feeding period. The growth rates were different from previous studies using a rat model (43) shows the similarity and difference of microbial composition in multiple samples. The 558 significance is also indicated: * P < 0.05; ** P < 0.01. shown in the figures. The significance is also indicated: * P <0.05; ** P < 0.01; *** P < 0.001. C, 597 casein; ES, emulsion-type sausage; DP, dry-cured pork; SP, stewed pork; CP, cooked pork; S, 598 soy; R, rich group; P, poor group. Values are shown as mean ± SD, and results are considered significant when P < 0.05.
